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Physics of Earthquakes

Goal: improve our understanding of the
physics of earthquakes.

Challenging problem:

 Earthquakes occur deep in the crust,

Fault that ’ .
ool can’t be observed directly

* Happen infrequently, so we have limited
data on their occurrence

* Occur at extreme physical conditions,
hard to replicate in lab

Difficult to constrain physical models!
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Physics of Earthquakes
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Modeling Tremor
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Along-fault distance (km) to ductile in lower
. . . . crust, where tremor
Idea: friction at depth is both brittle and ductile.
: : : occurs
Develop a simple model for this, and use observations
to determine frictional properties at depth.
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Model tremor at a single ___, m J\/W V
location as a block slider 0
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Brittle-Ductile Friction Model
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Idea: bristles represent brittle
fault patches (resist motion,
then fail). Other patches
behave in a ductile manner
(slide stably).

Friction is the sum of brittle
and ductile parts.

Ductile

friction

rate strengthening
behavior = stable
sliding

velocity



Cumulative number of events

Constraining Model Parameters

NW Bltterwater .

Jarkield Cholame

SE Look at an example

—F =

12000

10000

8000

6000

4000

2000

0
0

-60 -40

-20

20
Along-fault distance (km)

Family 19165 (27.5 km depth)

\ \ \ \
2004 Parkfield Earthqugke

ulative number of event

C

500

\
1000 1500 2000 2500 3000 3500
Time (days since 1/1/01)

6950

6900

6850

tremor family.

Located in this patch of

&N_ tremor, one of the

60 deeper examples.
- Family with smaller, -
frequent bursts
\ \ \ \
0 10 20 30 40

Time (days since 1/1/07)

50



How to Compare Data and Model?
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Number of bursts

Number of bursts
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Data/Model Comparisons
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Parameters for this family
indicate:

» 2 MPa normal stress

* Narrow range in failure
lengths (1-7.5 microns)

* Frictional resistance is 65%
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Constraining Model Parameters
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Model Dynamlcs (Daub et al., GRL, in press)

Can we say anything more general about the dynamics?
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Number of bursts

Recap

* Brittle-Ductile friction
produces tremor events

rather than earthquakes
» Observations at Parkfield 80 @0 40 20 9 20 40 &0
constrain friction, indicate Along-fault distance (km)

low normal stress and short
frictional length scales

r
e Ratio of brittle to ductile m W V
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